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INTRODUCTION 

Liposome preparations are now established as a useful model membrane system. 
Their demonstrated potential for delivering materials to the intracellular com- 
partment has attracted investigators in experimental cell biology and in medicine 
as well. As a result, increasing interest has focused on preparation methods which 
permit liposome properties to be tailored for specific applications. The purpose 
of this chapter is to introduce the reader to a variety of methods [see also Szoka 
and Papahadjopoulos (1,2)] . 

An ideal preparation method would allow the investigator to produce lipo- 
somes from a variety of lipid components over a broad range of lipid concentra- 
tions. The vesicle size would be under experimental control, and size distribu- 
tion would be relatively homogeneous. Finally, the method would require mini- 
mal time input and would not damage or contaminate the lipid. 

■ No single preparation method encompasses all of these objectives, but there 
are several general methods now available, one of which will often provide a 
satisfactory approximation of a desired property. In this chapter we first discuss 
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the terminology that has evolved to describe liposome preparations and outline 
some characteristic and useful parameters. We then review the protocols of the 
more commonly used methods, compare certain properties of the resulting lipo- 
somes, and provide examples of recent applications. 

TERMINOLOGY 

Some specialized terminology has come into general use to describe specific 
parameters of liposome preparations and it is worthwhile to define such terms 
here since they will often be used later in the chapter. The first set of terms de- 
scribes properties of individual vesicles and the second describes properties of 
liposome suspensions. 

A liposome is defined as any structure composed of lipid bilayers that en- 
close a volume. The lipid is not necessarily phospholipid but this is the most com- 
monly used component. Liposomes are-characterized by their lipid composition. 
In mixed lipid vesicles, composition has been described in terms of mole fraction, 
mole ratio, or the mass ratio of one lipid to another. However, expressing the 
vesicle lipid composition in terms of stoichiometric proportions is more useful 
than mass ratios when comparing the lipid composition. Furthermore, lipid com- 
position is more conveniently expressed as the mole fraction of total lipid rather 
than as the mole.ratio. For example, assume that one is comparing some property 
of liposomes as a function of lipid composition in which a liposome preparation 
(3 mM total lipid) composed of 1.5 mM phosphatidic acid and 1.5 mM phospha- 
tidylcholine is contrasted with one of 2 mM phosphatidic acid and 1 mM phos- 
phatidylcholine. The mole ratios of phosphatidic acid: phosphatidylcholine are 
1:1 and 2:1, respectively, and the mole fractions are 0.5:0.5 and 0.67:0.33. Mole 
fractions are more descriptive of the difference in individual bilayer composition 
and the total amount of each lipid in suspension. The contrasts between liposome 
preparations of different composition are also conceptualized more readily. This 
becomes particularly apparent if one is dealing with lipid mixtures of three or 
more components. 

When phospholipids are dispersed in an aqueous phase, a heterogeneous mix- 
ture of vesicular structures is usually formed, most of which contain multiple 
lipid bilayers forming concentric spherical shells. These were the liposomes first 
prepared by Bangham and co-workers (3) and now called multilamellar vesicles 
(MLVs). If a lipid dispersion is sonicated, the MLVs are reduced to much smaller 
structures in the size range 25-50 nm diameter. These are termed small unilamel- 
lar vesicles (SUVs) since they contain only a single bilayer. Both MLVs and SUVs 
have certain limitations as model systems and more recently several laboratories 
have been able to produce vesicles in the size range 100-500 nm diameter. These 
are called large unilamellar vesicles (LUVs). 

There are two important parameters of liposome preparations that are func- 
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tions of vesicle size and concentration. The first we will term captured volume, 
defined as the volume enclosed by a given amount of lipid and with units of liters 
entrapped per mole of total lipid (1 mol -1 ). The captured volume naturally de- 
pends on the radius of the liposomes produced by a given technique and it is im- 
portant to be aware that the vesicle radius and hence the captured volume are 
affected by the lipid composition of each vesicle and the ionic composition of 
the medium. Phosphatide acid vesicles, for instance, are typically smaller than 
phosphatide acid: phosphatidylcholine mixes. These effects are relatively small 
and for any given lipid composition the captured volume is independent of lipid 
concentration over a wide range. The second parameter is encapsulation efficiency 
defined as the fraction of the aqueous compartment sequestered by bilayers. The 
encapsulation efficiency is directly proportional to the lipid concentration; when 
more lipid is present, more solute can be sequestered within liposomes. The latter 
two parameters are important to liposome preparation methods for several rea- 
sons. For example, if liposomes are used for intracellular delivery of some en- 
trapped compound, an LUV preparation with high captured volume will deliver 
a much greater volume per lipid mass than a SUV preparation. Furthermore, if 
the substance is costly, it is clearly desirable to maximize the amount trapped in 
the liposome volume. 

Calculated values for captured volume and encapsulation efficiency are given 
in Figures 1 and 2. Note that a typical LUV preparation has a captured volume 
approximately 10 times that of SUVs, and that a 60 mM LUV preparation will 
encapsulate approximately half of the original volume. (It is interesting to note 
that the maximum captured volume possible for a liposome preparation is in a 
single large vesicle of 1 mol of lipid that is 260 m in diameter and encapsulating 
6 billion liters.) 

There are several methods for determining these parameters, either by direct 
measurement of an encapsulated compound or electron microscopic observation 
of individual vesicles. These are discussed later in the section "Ancillary Methods." 

ARTIFACTS 

Several kinds of artifacts can be introduced into liposome preparations by the 
methods used to produce and store them. The most common artifacts result from 
contamination by organic solvents and detergents, lipid peroxidation, and hy- 
drolysis products (fatty acids and lysophosphatides), and trace amounts of poly- 
valent metals. These have not been investigated in detail but some accumulated 
practical knowledge can be summarized here. 

Solvent Artifacts 

Solvent contamination in liposomes can affect experimental results and it is usual- 
ly worthwhile to reduce trace organic solvent concentrations to minimal levels. 
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Figure 1 Captured volume of theoretical ideal unilamellar liposome preparations. 
The lower dashed line shows calculated captured volumes of homogeneous lipo- 
somes ranging from 0.04 to 0.2 (lm in diameter (left ordinate), and the upper solid 
line for liposomes between 0.2 and 1.0 jum in diameter (right ordinate). 

Trace chloroform is best reduced by an overnight vacuum evaporation (<10 mbar) 
of the dried lipid before it is used for liposome preparation. It is important to 
flush the evacuating apparatus with some inert gas such as nitrogen or argon to 
remove residual molecular oxygen that might readily peroxidize the dried lipids. 

The concentrations of other solvents such as ethers and alcohols are reduced 
by gel filtration or dialysis. However, there are few data on how much can be re- 
moved and some investigators have been surprised by the amount of labeled etha- 
nol that remains with liposomes following filtration. In one study (4) diethyl 
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Figure 2 Calculated encapsulation efficiencies for varying concentrations of 
idealized liposomes. Four homogeneous preparations are shown, with diameters 
of 0.05, 0.1, 0.2, and 0.3 urn. 

ether was shown to be reduced by gel filtration from saturating concentrations 
(about 0.5 M) to undetectable levels, but the error was such that concentrations 
up to 1 mM would not have been detected. 

In practice, one cannot be certain that all traces of a solvent have been re- 
moved. However, it is possible to add small amounts of the potential contami- 
nent to determine whether it affects the parameter being measured. If there is no 
effect, one may tentatively conclude that traces of that contaminant probably 
will not produce artifactual data. 

Detergents 

Cholate and deoxycholate have been used in several preparation methods (5,6). 
These detergents are typically removed by dilution, dialysis, BioBead adsorption, 
ot gel filtration and have been shown to be reduced to as little as 0.1 mol%. Tri- 
ton X-100 has also been used in liposome and membrane reconstitution methods 
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and can be removed by BioBead filtration (7,8). A 10 mM concentration can be 
reduced to about 0. 1 mM in a single passage through the column. 

More recently octyl glucoside has been found to produce liposomes in a use- 
ful size range (9). This detergent has the advantage that it is readily reduced to 
as little as 0.25 mol% after dialysis and gel filtration. 

Divalent and Polyvalent Cations 

Surprising amounts of trace metal ions can be introduced into a liposome prepara- 
tion in which buffers and salts are used. Suppose that liposomes are prepared in 
0.1 M NaCl. Reagent-grade NaCl contains about 0.005% of calcium, magnesium, 
iron, and lead, but the final concentrations of these ions in solution will be a few 
micromolar, significant in some investigations. Some workers include ethylene- 
diaminetetracetic acid (EDTA) in experimental solutions to reduce the possible 
effects of trace cations. 

Peroxidation Damage and Hydrolysis Products 

Unsaturated lipids can undergo peroxidation while stored in solution or even dur- 
ing their isolation and purification. There will certainly be a small amount of 
peroxidation damage in any unsaturated lipid mixture and at best one may reduce 
the peroxidation to levels that do not affect the study. This can be achieved by 
using freshly isolated lipid or synthetic lipids that are not labile to peroxidation. 
Storage should be in chloroform under nitrogen at -20° C and liposome prepara- 
tion should be done in an inert atmosphere. Diethyl ether readily accumulates 
peroxides and if it is used in a preparation method it should be freshly distilled 
over sodium bisulfite or otherwise purified. A simple test for lipid peroxidation 
is to monitor the ultraviolet (UV) absorbance ratio at 215 nm/230 nm, which 
measures diene conjugation produced by oxidative damage (10). 

A second potential problem in liposome preparation is hydrolysis. Again, 
small quantities of hydrolysis products are inevitably present in typical lipid 
mixtures and one must therefore attempt to minimize possible artifacts. If it 
can be shown that trace amounts of fatty acids or lysophosphatides affect the 
liposome property that one is studying, the lipids should be purified by chro- 
matography just before use. 

At least one class of lipids does not undergo oxidation or hydrolysis. 
Branched-chain dialkyl ethers are found in primitive photosynthetic cells such 
as the lialobacteria (1 1), and should be explored for their potential in lipo- 
some preparations. Such lipids serve as a useful control to determine the 
extent to winch peroxidation and hydrolysis contribute to liposome prop- 
erties. 
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METHODS 

The'major methods to be discussed are those that produce MLV, SUV, and LUV 
preparations. We will also discuss several other prepar ations that include lipo- 
somes composed of single-chain amphiphiles and model phospholipids. Each 
technique will be considered in terms of the number of lamellae the liposomes 
have, sources of contamination, ease of preparation, encapsulation efficiency, 
and captured voLme. 

Small Unilamellar Vesicles 

The first SUV lipid dispersions were prepared by sonication about the same time 
that MLVs were introduced (12,13). They have since been developed into a 
standard system for investigating biophysical aspects of lipid bilayers (14-16). 
In a typical preparation, phospholipid in chloroform is dried under nitrogen and 
rotary-evaporated to remove trace solvent. The desired aqueous phase is added 
to produce a lipid concentration in the millimolar range, after which the suspen- 
sion is sonicated to clarity at 45°C in a probe or bath sonication unit. This might 
require only a few minutes with the probe but as much as 2 hr with bath sonica- 
tion. Although it takes considerably longer, the bath sonication has the advan- 
tage that it can be carried out in a closed container under nitrogen or argon, does 
not contaminate the lipid with metal from a probe tip, or produce significant 
heating. When using a bath sonicator it is important that the closed container be 
located precisely in the nexus of the ultrasonic waves. At this focal point of in- 
put power the lipid dispersion inside will be vigorously and visibly agitated. 

When the resulting dispersion is examined by negative staining electron micros- 
copy it is found to contain vesicles ranging from 25 to 50 nm in diameter. Huang 
(17) showed that these can be brought to near homogeneity by gel filtration. When 
this is performed, a highly uniform preparation of vesicles in the size range 25 nm 
is produced. This remains the most homogeneous liposome preparation. A sum- 
mary of captured volume and encapsulation efficiencies is given in Table 1 . 

A second method for producing SUVs was developed by Batzri and Korn (18). 
In this procedure an ethanol solution of lipid is injected quickly into the desired 
aqueous phase to a final lipid concentration of 3-30 mM. The resulting vesicles 
range from 30 to 1 10 nm in diameter, depending on the lipid concentration. A 
potential drawback of this method is that high concentrations of ethanol must 
be removed by a subsequent purification step. 

A third method for producing SUVs is to pass MLVs through a French press 
at 20,000 psi four times (19). Once again, the resulting product is in the range 
30-50 nm in diameter. This preparation method has not been extensively studied 
but is well worth pursuing since it sidesteps some of the problems associated with 
other SUV methods. 
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Fendler (10) has shown that dialkyl surfactant compounds, dioctadecyldi- 
methylammonium chloride (DODAC) and dihexyldecylphosphate (DHP), are 
capable of forming vesicular structures and has termed the resulting vesicles 
"membrane mimetic agents." In a typical preparation the vesicles are formed by 
simple sonication. They have most of the properties of SUV liposomes produced 
from naturally occurring lipids and offer a useful alternative model system. In 
particular, the DODAC vesicles carry a positive charge which is not available 
when natural lipids are used. 

The homogeneity of SUV preparations makes them a preferred system for 
biophysical studies of lipid bilayers. Because of their small diameter and low 
captured volume they are of limited value as mediators of intracellular solute de- 
livery. Also, due to their high radius of curvature, SUVs may have special proper- 
ties not shared by more planar membranes, and in some applications this could 
limit their usefulness as a model membrane system. 

Multilamellar Vesicles 

Bangham and co-workers (3) first recognized that lipid vesicles were models of 
cell membranes, particularly with regard to permeability studies. Their liposome 
system, now described as multilamellar vesicles (MLVs), is still used in certain 
applications. In a typical preparation, 10 mg of egg phosphatidylcholine con- 
taining 5 mol% of egg phosphatide acid is evaporated from chloroform to pro- 
duce a thin film oh the wall of a 100-ml round-bottom flask. (The phosphatidic 
acid adds a negative charge to the lipid which aids hydration and inhibits aggre- 
gation.) The flask is placed under vacuum overnight to remove any remaining 
chloroform. The desired aqueous solution is added (5 ml) and the lipid is hy- 
drated for several hours. The milky suspension is then swirled or vortexed to 
disperse the lipid. 

In a variation of this method, Reeves and Dowben (21) hydrated the dried 
lipid with wet nitrogen gas that had passed through a water phase, followed by 
addition of water and gentle swirling. The slower hydration was found to pro- 
duce very large vesicles up to several hundred micrometers in diameter, but only 
in the absence of ions or protein. 

(The process of lipid hydration is an interesting classroom exercise and an 
esthetic pleasure. Lipid hydration can be observed under a phase or polarizing 
microscope. A drop of lipid in chloroform is dried on a slide, a coverslip is 
placed over it, and a drop of buffer solution is added from the side. Over a 
period of 30-60 min, a beautiful array of myelin figures grows out of the lipid 
during hydration, often forming remarkably complex geometric structures.) 

Dehydration Formation of Multilamellar Vesicles 

The following MLV preparation method is unpublished and utilizes de-. 
hydration to cause vesicle fusion. The resulting liposomes are oligolamellar 
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and multilamellar and can efficiently encapsulate large macromolecular struc- 
tures. 

One to ten micromoles of phospholipid is dispersed by sonication in 1 
ml of water. The material to be encapsulated is added and the water is evap- 
orated under a dry nitrogen stream. As the liposomes are concentrated by 
the drying process, they fuse to form multilamellar planes and thereby sand- 
wich the added material between the resulting lamellae. After drying is com- 
plete, the lipid is rehydrated by placing a moist cotton plug in the tube or by 
flushing the lipid with a stream of hydrated nitrogen for a few hours. Water 
is then added and the mixture is vortexed to disperse the lipid vesicles. The 
resulting liposomes can be sized by passing them through polycarbonate filters. 
This method has the advantage that it can be used with most phospholipids and 
does not require any special apparatus other than a sonicator. The vesicles have 
an encapsulation efficiency of nearly 50% for DNA (1 mg of DNA to 10 mg of 
lipid) but are not well suited for trapping smaller molecules. 

The major advantage of MLV preparation is the simplicity of the procedure 
and the fact that it is applicable to a wide variety of different lipid mixtures. 
Certain studies may even require multilamellar structure. For instance, it is likely 
that the particulate structures seen in some liposomes by freeze-fracture repre- 
sent points at which neighboring lamellae touch; hence, studies examining this 
phenomenon require MLVs (22). 

The captured volume of MLVs is variable due to changes in lipid composi- 
tion and hydration techniques. As seen in Table 1, values range from 1 .8 (23) 
to 6.9 liters/mol (24). However, the multilamellar character and heterogeneity 
of MLVs is a distinct disadvantage in many applications. The MLV character is 
particularly confusing when working with permeability studies since it is not cer- 
tain how many of the lamellae are involved in permeation of the fluxing species. 
Problems may also arise in liposome fusion studies with cells since large amounts 
of lipid are delivered along with the liposomal content. 

Large Unilamellar Vesicles 

It became apparent in the 1970s that larger liposomes than SUVs would be use- 
ful and therefore several investigators began to explore various methods for pre- 
paring LUVs. The three, most commonly used principles are infusion procedures, 
reverse-phase evaporation, and detergent dilution. In the infusion method, a 
lipid solution in a nonpolar solvent is infused into an aqueous solution under 
conditions that cause the solvent to caporize, resulting in the formation of lipo- 
somes: In the reverse-phase evaporation (REV) method, a dispersion of inverted 
micelles of lipid is produced in a system containing a mixed organic and aqueous 
phase. As the solvent is evaporated away, the micelles coalesce to form lipo- 
somes. Finally, a variety of methods use different means to dilute detergent 
originally codispefsed with the lipid. This principle has been applied to the first 
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commercially available liposome preparation apparatus. These three general 
methodologies are described in the following section. 

Infusion Methods 

An infusion method utilizing diethyl ether was published by Deamer and Bang- 
ham (23) and has been developed further over the past few years (24). This 
method depends on the fact that a solution of lipid in a nonpolar solvent can be 
infused into an aqueous phase under conditions that cause the solvent to vapor- 
ize. The lipid is left as a thin film at the interface of the vapor bubble and the 
aqueous phase. It can be calculated that the film is composed of only a few bi- 
layers of lipid. As the bubble rises through the aqueous phase, the lamellae are 
dispersed to form uni- and oligolamellar liposomes. These are then sized by pas- 
sage through polycarbonate filters. 

In a typical run, 4 ml of lipid solution in pentane or diethyl ether (1-2 mM 
lipid) is infused slowly (0.2 ml/min) into 4 ml of aqueous phase warmed to 60°C. 
This phase is contained in a converted Leibig condenser that has warm water cir- 
culating through the outer jacket. The aqueous phase is flushed with a gentle 
stream of nitrogen bubbles, which promotes solution mixing, provides an inert 
atmosphere at the air-solution interface, and increases the size of the vapor bub- 
ble, thereby favoring formation of unilamellar vesicles. When infusion is com- 
plete, the liposomes are filtered through a polycarbonate filter to size them and 
remove aggregates. This step is important to most of the LUV methods and it is 
likely that larger oligolamellar vesicles are sized down as they are extruded through 
the pores of the filter. Following this step, the liposomes are put through a gel 
filtration step (i.e., Sephadex G-25 or G-50, Biogel P-10) to remove any remain- 
ing solvent and to exchange the unencapsulated aqueous phase if desired. 

The advantage of the infusion procedure is that it is applicable to a wide 
variety of lipids and can be completed in less than an hour. The main limitation 
is that the resulting preparations are relatively dilute (1-15 mM lipid) so that the 
encapsulation efficiency is low. (However, Schieren et al. (24) reported that they 
could obtain 35% encapsulation efficiency using pet ether infusion and 30 mM 
final concentration.) If the temperature of infusion might damage heat-sensitive 
materials, it is possible to place the column under vacuum so that lower tempera- 
tures can be used. 

Reverse-Phase Evaporation 

Szoka and Papahadjopoulos (25) have designed an alternative LUV methodology 
in which lipid in mixed aqueous-nonpolar solvent forms inverted micelles, such 
that the lipid tails are inserted into the nonpolar phase and the head groups sur- 
round water droplets. As the nonpolar solvent is evaporated away under vacuum 
the micelles coalesce to form large uni- and ologolamellar vesicles. In a typical 
preparation, 66 jumol (50 mg) of lipid is dispersed by bath sonication in a 1 ml: 3 
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ml mixture of aqueous solution-diethyl ether. The ether is then removed by 
rotary evaporation under vacuum followed by polycarbonate filter sizing and 
gel filtration to remove trace solvent. 

The REV method has the distinct advantages of being applicable to a range 
of volumes (as little as 0.2 ml) and in its ability to encapsulate a large fraction of 
the original volume (up to 65% in low-ionic-strength media). Its disadvantages 
are that components are exposed to organic solvents and sonication which may 
be damaging and that the lipid requirement (10 mg per 0.2 ml of solution) is rela- 
tively large. 

Detergent Dilution 

Detergents such as the bile salts (cholate and deoxycholate) and Triton X-100 
have been applied to the solubilization and reconstitution of biological mem- 
branes with considerable success. In general, the detergent is added until the 
membrane suspension, due to the formation of mixed micelles of detergent, 
lipid, and protein, has clarified. The detergent concentration is then lowered 
and the original lipid and protein form vesicular membrane structures, often with 
reconstituted function of the protein. 

Detergents have been used less often as a primary liposome preparation 
method. However, these procedures do have certain advantages. First, they are 
relatively gentle in their action and would not be expected to hydrolyze or per- 
oxidize liposome components, and second, the detergent/lipid ratio is readily 
varied, which permits considerable experimental control over the size of the re- 
sulting vesicles. In a typical detergent-LUV method (6), egg phosphatidylcholine 
is mixed with deoxycholate in 1 ml of aqueous solution (20 umol of lipid per 10 
Mmol of detergent). After a few minutes of sonication in a bath sonicator, the 
originally turbid suspension becomes opalescent due to the presence of mixed 
micelles. The deoxycholate is then removed by gel filtration. These vesicles are 
about 100 nm in diameter and would be considered small LUVs. They have a 
captured volume of 2-3 liters/mol and successfully encapsulate cytochrome c and 
glucose. They do not trap radiolabeled sodium chloride unless it is present dur- 
ing the removal of deoxycholate. 

Octyl glucoside has been employed by Mimms et al. (9). In this procedure, 
egg phosphatidylcholine is dried as a film in a glass container and 0.4-0.6 ml of 
octyl glucoside solution is added. In typical experiments, the amount of lipid 
can be varied from 2 to 10 mg, and the optimal detergent/lipid ratio is in the 
range 10: 1 to 15: 1. The solution is briefly sonicated and the clear mixture is 
dialyzed twice for 12 hr against 1 liter of buffer which includes the compound 
to be encapsulated. During dialysis, the solution becomes turbid and examina- 
tion shows that vesicles ranging around 0.2 um in diameter are formed. The cap- ~ 
tured volume ranges from 6 to 7.5 liters/mol and cytochrome c trapping demon- 
strates a 22% encapsulation efficiency. After two gel filtrations, the detergent 
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Figure 3 Electron micrographs of LUV preparations: (A) Negative staining; 
(B) Thin sections; (C) Freeze-fracture. Prepared by the Lipoprep apparatus. 
(From Ref. 27.) 



is reduced to about 1 octyl glucoside molecule per 400 phospholipids molecules. 
The measured permeability to monovalent cations and anions is in the range ob- 
served for SUVs, suggesting that this amount of detergent does not markedly af- 
fect the permeability barrier. 

Detergent removal has been applied in the only commercial liposome appara- 
tus on the market, called Lipoprep. This device is based on the work of Milsmann 
et al. (26) and Zumbuehl and Weder (27). In the Lipoprep method, phospholipid 
is dispersed with detergent in ratios ranging from 1:1 to 2: 1. The detergent is 
removed by passing the mixture through a rapid-flow dialysis cell. The size of the 
vesicles prepared with cholate is 50-80 nm in diameter (Fig: 3) and the captured 
volume ranges from 1.8 to 2.4 liters/mol. If octyl glucoside is used rather than 
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cholate, the diameter increases to 180 nm (Fig. 4). The vesicle diameter can be 
varied from 80 to 200 nm in a predictable and homogeneous fashion by changing 
the ratio of octyl to heptyl glucoside (28). The homogeneity and the ability to 
manipulate the mean diameter of the vesicle preparation is a significant advantage 
of the Lipoprep method, since a number of investigations involve studies of lipo- 
some properties that are related to vesicle diameter. 

The detergent dilution methods are widely applicable in liposome prepara- 
tions, particularly when proteins are to be reconstituted into the resulting mem- 
brane. The methodological limitations are that preparations using dialysis re- 
quire hours or even days to be completed, and if the solute to be entrapped is 
dialysis membrane permeant, the encapsulation efficiency is very low. 

Fusion Methods 

Phosphatidylserine Cochleate Vesicles If SUVs can be caused to fuse, the 
fusion process should be able to encapsulate some fraction of the material dis- 
solved in the aqueous phase. Papahadjopoulos et al. (29) mixed SUVs composed 
of negatively charged phospholipids with calcium followed by EDTA to chelate 
the calcium. When calcium ion interacts with phosphatidylserine SUVs, the 
vesicles first aggregate to form a dense precipitate and then fuse to produce multi- 
lamellar arrays that often take the form of cochleate cylinders. When the cal- 
cium is removed by EDTA, the structures swell and form large uni- and oligo- 
lamellar vesicles. 

In a typical experiment, 1-10 mM unsaturated phosphatidylserine is used to 
prepare SUV. Sufficient calcium chloride is added to produce a final calcium/ 
lipid ratio of 1:2 and precipitate the SUVs. To disperse the precipitate, EDTA 
is added in slight excess with stirring until the precipitate forms an opalescent 
suspension of LUVs. The resulting vesicles are able to encapsulate structures as 
large as viruses (30), nucleic acids (31), and ferritin (32) under relatively mild 
conditions. The captured volume is in the range of 7 liters/mol, and the encapsu- 
lation efficiency is 10-15% in a 20 mM lipid dispersion. 

Freeze-Thaw-Sonication A second fusion method is the freeze-thaw-sonicate 
(FTS) technique. This method was first explored by Kasahara and Hinkle (33) for 
reconstituting functional membranes and Pick (34) has shown that it is applicable 
to liposome preparation. In a typical procedure, 30 mg of lipid is dispersed by 
sonication in 1 ml of buffer, then mixed with the material that is to be encapsu- 
lated. The mixture is frozen in liquid nitrogen, thawed and bath-sonicated for 30 
sec. (The sonication serves primarily to disperse aggregated material.) The result- 
ing vesicles are reasonably impermeable to ions and have captured volumes in the 
range of 8 liters/mol. The FTS method has the advantage of being_a relatively 



Figure 4 Diameters of liposome preparations. Bar shows 0.2 um. (From Ref. 28.) 
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simple and gentle procedure. However, it does not work well in the presence of 
sugars, high concentrations of ions, or divalent cations. 

Single-Chain Amphiphiles 

It has recently been found that many single-chain amphiphiles form vesicles under 
certain conditions. This was first demonstrated by Gebicki and Hicks (35) for un- 
saturated fatty acids, and later extended by Hargreaves and Deamer (36) to in- 
clude other single-chain amphiphiles. 

To produce oleic acid liposomes, a 50 mM micellar solution of oleate is pre- 
pated by titrating oleic acid to pH 10 with 0.1 M NaOH. The pH is then carefully 
lowered to pH 8.5. At this pH the suspension becomes opalescent and if examined 
by phase microscopy is found to contain vesicular structures. It is likely that the 
stability of the vesicles depends on the formation of an acid soap at pH 8.5 and 
that hydrogen bonding stabilizes the structure through oleate-oleic acid complexes. 

A striking demonstration of single-chain amphiphile vesicles was provided by 
Hargreaves and Deamer (36). These investigators showed that dodecyl sulfate is 
capable of forming liposomes if the equivalent of an acid soap is produced. How- 
ever, instead of titrating, dodecyl alcohol is added ta introduce an uncharged group 
capable of forming hydrogen bonds with the dodecyl sulfate. In a typical prepara- 
tion, a 2: 1 dodecyl alcohol: dodecyl sulfate mixture ()>0 mM total amphiphile in 
aqueous buffer) is sonicated briefly at 55°C. Examination of the mixture reveals 
vesicles in the size range 0.1-1.0 um, and after a few hours, fusion events produce 
even larger vesicles which are remarkably stable. For instance, if carboxyfluores- 
cein is included in the mixture, the vesicles can be separated from the external 
phase by gel filtration and the dye remains encapsulated over a period of several 
weeks. The encapsulation efficiency of a 50 mM total amphiphile dispersion is 
about 40%. 

ANCILLARY METHODS 

A number of practical methods have evolved for working with liposome prepara- 
tions and monitoring their properties. These cannot be covered in any detail in a 
short chapter, but it seems appropriate to provide brief descriptions and refer- 
ences to specific methods which have proven useful in the laboratory. These can 
roughly be divided into methods involved in liposome preparation and methods 
used in analysis. 

Preparation Methods 
Gel Filtration 

Most investigators are familiar with standard gel filtration columns that can be 
used to size liposomes and to exchange the external volume. One disadvantage 
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of such methods is that they are often slow and always produce considerable dilu- 
tion of the liposomes. Fry and co-workers (37) have published a method which 
does not dilute the sample and is much more rapid, especially if multiple samples 
must be run. In this, the desired gel is prepared in a plastic syringe tube. The tube 
is then placed in a conveniently sized centrifuge tube and centrifuged once at a 
low g force to remove all void volume solution. The liposome preparation is 
placed on top of the gel, followed by a second low-speed centrifugation. The un- 
diluted liposomes appear in the bottom of the tube, leaving the original external 
phase entrapped in the internal gel volume at the top. It is important to deter- 
mine empirically the time and g force of the low-speed centrifugation for the 
amount and type of gel used. The retention of the void volume is very depen- 
dent on the individual gel characteristics. 

Sizing Liposomes 

As mentioned earlier, it is convenient to use polycarbonate filters to size a hetero- 
geneous liposome preparation. The liposome dispersion is placed in a glass syringe 
and forced through the filter under gentle pressure. The filter can range from 0.1 
to 1 .0 jtxm, depending on the final size desired. Simple centrifugation can be used 
to separate SUVs from MLVs, and as described by Huang (17), gel filtration can 
then size the SUVs to near homogeneity. 

Concentrating Liposomes 

Occasionally, it is necessary to concentrate liposomes. Sometimes vesicles can be 
pelleted by high-speed centrifugation but this will not always work with SUV and 
LUV preparations. An improved way to carry this out is to add a small amount 
of protamine or polylysine until an obvious flocculant precipitate has formed 
(38). This can be centrifuged to form a pellet. The pellet can be dispersed by 
the addition of heparin, which competes with the protamine for binding sites and 
releases the liposomes. This method is useful only if the liposomes have at least 
some small amount of net negatively charged lipid (such as 5% phosphatidic acid) 
and if the presence of small amounts of protamine and heparin do not affect de- 
sired vesicle properties. 



Monitoring Liposome Properties 
Light Microscopy 

Sometimes liposomes are large enough to be viewed by phase microscopy (1-10 
Mm in diameter). However, depending on conditions, the liposomes may not 
have sufficient phase contrast to be seen readily. We have found that the addi- 
tion of sucrose or dextran to such dispersions produces a phase contrast so that 
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the vesicles appear phase bright against a dark background (36). An alternative 
procedure is to include a small amount (<0.5 mol%) of a fluorescent lipid analog 
and view the liposome preparation by fluorescence microscopy. 

Electron Microscopy 

Negative staining and freeze-fracture methods are most commonly applied to 
liposome preparations and the techniques are well known. We have found it use- 
ful in negative staining of unsaturated LUVs to prefix with 0s0 4 before staining. 
This prevents the distortion often caused in larger vesicles by the staining process. 
We have also found that etching of freeze-fracture specimens can provide infor- 
mation about the fracture of vesicles that are unilamellar in a given preparation. 
In standard freeze-fracture preparations, the vesicles appear only if the fracture 
plane follows the membranes and cross fractures are not obvious. However, after 
5 min of etching, cross-fractured vesicles are clearly seen and the number of 
lamellae can readily be determined (Fig. 5). 

Captured Volume and Encapsulation Efficiency 

For simple estimates of captured volume in high-ionic-strength media, liposomes 
can be prepared in 0.1 M sodium or potassium chromate. Following gel filtration 
to remove the external chromate, the trapped chromate can be determined by 
solubilizing an aliquot of the liposomes in 10 mM Triton X-100, followed by mea- 
suring A 380 for chromate. A simple calculation then provides an estimate of cap- 
tured volume as liters per mole of lipid. The ratio of chromate concentration in 
the aliquot (Triton added) to the original chromate concentration is divided by 
the actual lipid concentration of the aliquot. Thus, it is also necessary to deter- 
mine the final lipid concentration in order to determine the captured volume. 
The same data can be used to calculate the encapsulation efficiency. The captured 
volume multiplied by the actual lipid concentration (X 100) gives the encapsula- 
tion efficiency. For low-ionic-strength media, 6-carboxyfluorescein can be used 
as a marker (0.1 mM) and its fluorescence measured to determine the amount 
entrapped. 

Liposome-Liposome Interactions 

Since liposomes are dynamic structures, it is worthwhile considering some inter- 
actions between vesicles in suspension which might affect a liposome property 
under study. We conclude this chapter by considering briefly unimolecular ex- 
change of lipid, liposome aggregation, and liposome-liposome fusion. 

Unimolecular disassociation from one bilayer, diffusion, and reassociation 
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Figure 5 Freeze-etch image of cross-fractured liposomes. Phosphatidylserine 
liposomes were prepared by diethyl ether infusion method in 10 mM phosphate 
buffer, pH 7.5. Bar shows 0.2 jum, 

can result in changes in vesicle composition. For instance, it has been shown that 
monomolecular phosphatidylcholine is in equilibrium with vesicular lipid (39,40). 
There is-a vectorial addition of lipid from smaller to larger vesicles, or from short 
acyl chain vesicles to longer acyl chain pure phosphatidylcholine vesicles. It has 
also been shown that monomolecular lipid exchange occurs between fluorescently 
labeled phospholipids and the plasma membrane of cells in culture (41). 

The detection of unimolecular exchange is not a trivial procedure. The in- 
vestigators cited above used differential scanning calorimetry and fluorescence 
spectroscopy, respectively. With the advent of a variety of synthetic phospho- 
lipids that are commercially available, differential scanning calorimetry has be- 
come more practical. Other techniques using radiolabeled or fluorescent deriva- 



48 



Deamer and Uster 



tives of lipids have the inherent problem of separating the labeled fraction from 
the remainder of the lipid. If it is not possible to use changes in the monomer/ 
excimer ratio of a labeled analog (40), our experience suggests that monitoring 
lipid exchange between SUVs or LUVs and MLVs is currently the strongest ap- 
proach, since it is relatively easy to separate MLVs from the others by centrifuga- 
tion or filtration. 

Aggregation is usually prevented by imparting a net charge on the bilayer 
and including chelating agents in the buffer to remove trace polyvalent ion effects. 
For some experimental protocols it is not possible to include these safeguards and 
it may therefore be necessary to determine if significant liposome-liposome aggre- 
gation is occurring during the time scale of the experiment. Aggregation can be 
monitored by following light-scattering changes at A soo - Light-scattering in- 
creases also include those due to vesicle size increases from monomolecular dif- 
fusion and liposome fusion. The latter possibilities can be excluded by testing 
for exchange diffusion and vesicle fusion with assays described in this section. 
Alternatively, a fluorescence resonance energy transfer assay has been suggested 
which follows vesicle aggregation (42). 

The third possible liposome-liposome interaction that we will consider is that 
of fusion. Two methods are now available which follow the mixing of the en- 
trapped aqueous compartments or mixing of the lipid components. The first 
assay was developed by Wilschut and Papahadjopoulos (43) and monitors the 
formation of a complex between the lanthanide ion, terbium, and dipicolinate. 
This complex is several orders of magnitude greater in fluorescence than the in- 
trinsic fluorescence of terbium. Terbium citrate is trapped in one set of lipo- 
somes and sodium dipicolinate is trapped in a second population. The liposomes 
are then mixed and the rate and extent of fusion is followed by the increase in 
fluorescence. 

An alternative method is to monitor quantitatively the mixing of two fluores- 
cent lipid analogs originally in separate bilayers. This recently developed assay 
for vesicle fusion (44) is based on the transfer of fluorescence resonance energy 
from donor probe to acceptor probes in the same bilayer. If a fusion event occurs 
between a donor-labeled liposome and acceptor-labeled liposome, the proximity 
of both probes in the same bilayer causes a change in the fluorescence emission 
spectrum. The extent of probe intermixing can be determined quantitatively by 
comparing the experimental liposomes against a "mock-fused" standard. Both 
the aqueous compartment assay and the lipid compartment assay are adaptable 
to a wide range of experimental conditions and both assays are relatively insensi- 
tive to aggregation-induced artifacts. 
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hti: t ©f^s^j*^ 5 „ * 1*. a« 0* y =f' 

mm (25~50/<g) C6^l©«ffl*tJnil-Cifit»» 

/—Ml : l,v/v)uS»Lfcs ? -'<A'? h 4 A'** 
7 7 f}'Vi i if/-^7 5 Vig?j£?r94/*l tlOmg/ 

miigg-c* * / izmm l fzmBK 3 cnmm z 

60lC-Cl6l*IH«aL-C, * y 3'ii^#AL/;AI 

h-xtilil£l00%J!gg(:i!§<g-1- s. i /-\ 

y =f*«li60~70%* t reiti::e£- 

(2)If^n7h777^-(TLC)i:J:5A 

AI«JISHtt558S<!)»IIS»tPI«i:flii>a5 c t 
* f -C Is 5 Of* M-S©«g©#gftU <fc < flifflS <x 



i-*:TLCt\ ^©St^^^gHigfc-^tfAIIf 

& %.mtm&)^m, ^wm^m 

f^-gflT 5 * l: s Merckt£0HPTLC7° u— h 5r 
^ffl U JgPft;§Ki:(iAl«gi:#A Uz* X J * 

^-7KO?I'g-Jt* f 60 : 35 : 8 (v/vk 55 : 45 : 10 (v/ 
v) v 105 : 100 : 28 (v/v) . 50 : 55 : 18 (v/v) © co 
?fi>\ TLC7°u-h±C 

feKH'-n-j. Hio- 2 ca-«ro*y 

tf. ^©AX»flgK^M^?I^©TLCCj: S# 




Lac 5L h-Tf • RN?ase' • 

H10- 2 AXMIBJlroTLCC J; *»Kfc AXSH8JI 



> x 7 a. y ^SM(h-Tf). -jlOhigh mannoseS^M 
(S10-3D)5r^"^t i ? ^ y ^ f7-t*H 
(RNase)5r t n^'MgSffbm. TLCi:TRBI«-(iL, 

£MO y ^Sg|fiO*tffiI»B«-liLfc fc ©o 
&^-(»Jlc9 w- > *• AXW®f1=SM)£!l^!|*?r KB3'^ 

*4"fiEIflU t<5?S-&Jt«, LactSL!t60:35:8(v/v) 
t . h-Tf ii50:55:18(v/v) & . RNaseU105:100:28(v/v) & 

m*tz. 
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io. vmommtjim 



£3Effite8iK?c t"?rTLC7°v- h±(:Eiit5 c 

i<zix^tfKmzxjLmm9mmtk&-ci 4 

-Hi:IiL-t ^&-f 5:tf, AX^Ig^H 
© m situ-CV)?' y a f&a^t* I* 4 = C it 

( 3 ) Axmmncomm^m 

AIttMMtli5c«®«M« t PWcJR !) a 5 - t 
i* 4 «* ©¥i£*«ffl L T AlttJMtOflHMWr* 

f?5 - t* f T*l* 4„ t I? fetf, TLC7'V- h±Cjg 

* y rf»««r*A LfcAXttfl&KttJffldl* J> 

*«rTLCf RBHfl-«a. BttOAiafJSK©'**' K 
2?#£TLC7° v- h 4* 0 tU LT FAB-MS S 4 
t'liSI-MS<D h KidH* *> oit, 

TLC7°v- h±OfiFS0Al«JlgHO»fi*«R 
d t* f fi S" 6 '. i fc, TLC7°v- h±TT 
(DAXmSSVin situf) a t'ifitt t t> 

-f 4 KJSttOSMfcfr W^T AI«»K»«©»it Sr 

io.3 ^9>^«mmmmmm^(D 

m^m^m-cc m* com* 

V rfWBHr#A LfcAJCWJSK** J a*tf 7*0-7* 
t L-Cffli'TTLCT*^- h±trfiMB«-ttSL 7°i-— 

t 0#JM<jRjS1£«-IS"«fc (H10- 1 ) "- s> o £ Ofi 
*, £JliSte«jK*#ilSS& fc** f «f* 

~*©AX«freK<5>j6fflffl* $3tf"t 4. 



(1) -^n^Vu^-z^-jcs^ w<:7K 

(Zymosan) ^ffiffrS^-fib 4 iC3b t: IS-g-l" 4 jjtft 
£ #A L fc AlStfli® Sr * 

!) =tmy°u-7't i-cm^xm^w. imo- 
l (A~C) i-*©W&£jt@mi:jSL-t:;&6. 

41*. compIexS»«Sr**-f 4 t HgG 7 \ 
xlgG 8 '. k h 1^7^X71!) > 9 \ highmannoseS 
Jffitfc-g-^T 4 7 -> J) ^ u>7—£B 10 \ high 
mannoseS^M t hybrid S! :W f$ <9 P "a" 4 

liS*-C*y rf«Bt**RLfc. k MgGv -77A 



I t 

±GalB1-4GlcNAcB1-2Mano1 v . - 4 6 

Man B 1 -4GlcNAc B 1 -MGIcN Ac 

±Gal 8 1~<GlcNAe B 1-2Mano 1 / 



(B) v>XlgG4*SiS 



±Fuca1 
4 
6 



±GaI B WGtcNAc P 1-2Man a 1 R 

„ SHan p 1-4GlcN Ac p 1 -4GIcNAc 
±Gal p 1 -^GIcHAc 6 1 -2Man a 1 ' 



(C) fch h5VX7xUVfi*Sjg 

Gal e 1--4GlcHAe B1-2Mana1v 6 

,|Man B1-*«!lcNAc p 1-4GlcNAc 
Gal B 1-MGIcNAc B 1-2Man a-r 



(D) OJ'y^x^ur-t-BffijRess 



(Mana1-*2)(j_4 



Manal-^ 

Hanol^ SManB1-4GlcNAcB1-4GlcNAc 
Manor* 



(E) we7ArEys*tttt 



(Hanoi— 2) n 



Man o 1-^ 

Manol-*^ ^3ManB1-4GlcNAcS1-4GlcNAc 
Man at* 



GlcNAcBI 
±Mana1-u« | 

jjManot-e 

Mano1>^ 7,3ManB1-^GIcNAeB1-4GlcNAc 
(±GalB1-«GlcNAeB1-)i-2 Manor 



3-3 m?>'<-pm&%:* , )3%m<rtm 

m^QGMtjf? ?\ — GlcNAcliJV-r-tf rv 
yiv 3f; > t „ Manli-7 > / - x Fucti 7 = - x 
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ii. «sisH<D*sai* 



A B C D E F G 




IgG, t h h 7^7i y ^DEfiHiS c,c->7 )> 
^— triB'ftL-t:KS'7Mt* y ^«l$it Lfc. #t:, 
e, * ? frl?§ L fcflgS-ftam^^o t\ t ft c, C7)ft 
J (H10- 3 c^£7)Sit?f^L-C*5) ^»ALfc 
AXSIJiiSSr^MU 5 GtiCftSfTLCCTrKlfflfl- 
ttLfc. «*©ttHM**#1-4AX*MgK«rKM# 

m l Tf^sa l *_\ * y =*«t7°n -7*7 ^ 7*7 y - 1 

5^ v CDg^tt t 4 5 AX«fJSgSC©ft§ t PJS L 
(gH0-4CD^^^A~FC5*{ft]<7)v— »„ CtDi, 
v - h f> * * •> / -»m& c TSSfefe L T 7" 

v _ |. JL©t^T©AX«t8gS?©fi!5rl5l5£ Lfc 
(010- 4 <D'-f**'A~F©:H8<?>i — >)„ 4i>\ 

010- 4 CD'-f^A-EliiaiO- 3 OA~Ei:^tffi 

« 4: f ft r ft* A L fc AX*f HiK 5r SM£-£ L fc {. 

©fib So ifc. 110-4i:a-nf^Lf:AItt 
K<D«««att, mOLVS. 5 i:, TLC7°v- 
bO*'<>K»*MlliiL. it«Sl-MS4M»r-t * - 

010- 4 ©A~E£* 5 t, 7 >^ 
Ii, iC3bt: fc #£1" 5tt^ ^g©high mannose 
SSIJK (010- 4D/<V Kk~n) Oii:!>, hybrid 
g$g£K (010- 4 E) fcompIexS©^©^! (121 
10- 4 A~C/<> Ka.cg.h) C t i < 5Ct 

74 ©^©it&i'ii, 9** It, 1) 

high mannoseS^-CttManal-2^^^ < $ 
Vmm (Man„ 7 GlcNAc,y* > Kn,m) i: J: O 54 < & 
^ts:l. 2) complex^«SIK-Cli#iS%*«Ar- 
7 -t fvu a -t 5 > (GlcNAc) S53£fc*Jfc 4 I'll 
'«(>*:/ Ke,ij)CttB^L4i'* f , HB*tr««('* 
>Kc,h) fc 2<B3-trgf« (^"vF'a.g) Cli^-g-L, 
t 0 fctt#S7C5ttSGIcNAc?f 2^3£^tfffifii {/< 



y Ka,g) < S-g-tS i t, L*> U 3) t<5 J: 5 
4 mmtr bisecting GlcNAc®* 5r # tr t (-'< V K 
b,d) < 4 5 Z t 4 t~* f fr A> 5 . 

010- 4 FtiHlO- 4 A t PJ C < 01O-3Ai:tk 
I fc««*#A L t AXJSBSK t SUB^-li L T * 5 

LT, /v- h±©AX«SgjtSr»» si/wT BmUhW 

->*mM Lxm&z#Km$kk7Ki.xy.-?>. -ft 

«rJSL*ts 010- 4 Afliai'^i'^-VCDS^ 
C 4 0 » 4 *' o fc #iljc*S8Gal t 2 «UE« trttftt 
(010— 3 A) 5rSoAI«f^> h*etfinsitu{3 

-if 7? v e&mr-i St*?? \>-x%mm 

UGlcNAc$T#a%**i:ttffl Lfc*§&. a 

010- 4GTTli, 010- 3Ct:^t* y ="-«sg(v. 
->-l,2), k tikp-if? ? I'^'-^ILt^? 
^ h — ^fcBfeSLfc* y — >3,4), Hi: 

/j-W-T-fcf-A-^'A'a-f;-** — t'JlILt 
GlcNAc fc L * y =tmm ( ^- V5,6) . 5r ft 
Fft*ALfcAX»ffiR*™«-«L-C*4. ;ft 
tJISt. =->f*f-->\i.*ry* h-^* f 2^* 
t t GlcNAc C S^-LT, GlcNAc %• l^7t*S« C 
Rtt L "C i' ft l»* y alMI (010- 3 C) «r »A L fz 
AlftJISi: lilo < iS-n- L 4 >.^* f ( v- >2) , 
- 0UiSA f ^-^7 if h S'^'-i'fcii: J: 5 #7 ^ 
h - x t iS^I I X GlcNAc 5- #Jl7C*SiliJ i:lffiL 

* y ^Wi i:45t, a > ^/v ^ - > * 5 #S t: 5* 
<£&-fs i 5C46C t* f bi>S (u->4)„ i 

i:i t) t ©GIcNAcS* I T Man 3 GlcNAci 
1 1' 5 %£fft.\- L T L ± 5 t a V^/vf--^©^^ 

&ffi. l)V->^>f*3-~><D%:&i£llxmfi 
>/^%©high mannoseS^ijU^^i: hybrids? 
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2) high mannoseSigfI'CliManffl-^2?S^-t-^^ 

complexSCD$H$* ? ^S# t L "C^figf h tz * C li 
iEii^iicDGlcNAc 1 ?^ > / - x (Dfr&l) 
£ * A\ t <J b lt#il7C*SroGlcNAc^-t-tj-^illi 
#&(:*fH^^f£?'S1±S? tkT ^ t, L A* U 4) 
bisecting GlcNAcZ'Sttmm^fcl-ttTj: c, U 

WTS|C,*'i:5M^ ifc, AI*fJII«©TLC:/ 

(2) Iit*i:§St5-7>/-xe-g-^ w< 
?«<7)g^ftfc L-cnig-f 5:E-^'x' I >'^'.'^* 
«@^1i? v^wff strops 



(Hal-2) 



3 HaU 6 
Kal' ,Hpi-4Gt)Bl-4GN 



n=0: S.O* 

n=l: 8.0* 

n=2: 10.0* 

n=3: 22.04 

n=4: 15.0* 



'^gf* •Sgpl20^- : Ft: J: itgfcfiti'?. 

hivc j; h m mi ; tfiszim&mmcDCDitt 

V&tm&iVmt. HIV-l (IIIB) ^SfeH9*B8&S* 
c9gpl20©K*7/Ht*ff£* f I110- 5 Cm?£Wi 

H10- 5 i:^LfcI 5 i:, HlVif^ffflS&a* 
gpl20©ffiM©6fl]a ? Man 9 - 5 GlcNAc 2 1 ^ 5 — ^® 
high mannoseSttil-r"* 5 t ^ 5 gpl20* { 



Gpi-4GNPU, GNP f 

GP1-4GNP1 °Hpi-4GNPl-4GH 
Gpi-4GNpi-2Mal' 



iFal 
I 

6 



GNPI iFal 

Gpl-4GNgl-2Kal--,4 6 

KPl-4GNfil-4GN OT 

Gpi-4GNpi-2Hal"^ 



iFal 

Gpi-4GNpU, | 

GP1-4GNP1 °HP1-JGHP1-4GH 01 , 
GPl-4GKpi-2Hal^ 



GHP1 iFal 
I I 
Gpl-4GNpl-2Hal- 4 6 
CPl-4GHpl- 4 J HP1-4GNP1-4GN 0T 
Hal 

GP1-4GNP1' 



1.6* 



CPl-4GNpl-2Kal 
GP1-4GHP1 



iFal 
I 

6 



GP1-4GHP1" 



"HP1-4GNP1-4GH 
2 Kal 



Gfl-4GHP1^ GHfl Fal 
GP1-4GNP1-' \4 S 

Kal ^pi-4ropi-4 CToT 

& , GP1-4GNPU 4 / 

Hal' J ,HP1-4GNP1-4GN 1.8* ,Kol 

GP1-4GNP1-2HCX1-' 3 Gpl-4GNP1' 



GP1-4GNPU - , 

Gpl-4GHpl-2HaK, 6 GP1-4GHP1' \ 6 

,MP1-4GNP1-4GN 2-0* Hpi-4GNpl-4GH OT 

Gpl-4GN P l-2Mal' 3 ° T Gpi-4GN P K / 



,Mal' 
GP1-4GHP1' 



@10- 5 HIV-l(lHB)^H9«**gpl20tf>$igagiI 
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■fr 5 t > HIVfl® C It £ ©high marmoset M***' 

jfiLvf4> c a-? > ; - x cjRfottfcSrf-^ v / - 

t hjfin#-^> / >'^''^K* f gpl20^:& : •£- 
1-4*• ; $rP■'<-C^/.: t £ 5 V ii'i:8^tJ - t* f 

k ztr^kr.m^^it, g pi2OMfS0 5 h-cEcom 

g P 120©* !) =/»«4ri*ALfcAl8fllSH** y ^ 
m-Tu-y'l Lxm^izW4Lk%m.L1z (H10- 
6) 3 > 0 ftfe. -©^©Wti^lO- 1 (A~C) 
Ciiiiai:^ LtiJ.'if, HIV-l(fflB)!§iifcH9 

(cho) nate-rans* ami 1:145* fc mv-i 

(IIIB) ©y =>>k'^> hgpl20 (rgpl20) is >"'3rk 

ixmm I fc. C © 2 H3S©gpl20iBI3I t , 010- 3 
Di:St- il©high mannoseSffiilt^l" 5 9 S' 
y * w-7— t*<ftK(RNaseh complexg!*f 

^tu ngG**«« (Hio- 3 a) kmrnum 

t ffl T AIWK a L *i: £ <x £> © AX 
«HBH*HMfl-BILfcTLC7 , u- h±i: ,M I-ai» 




mo- 6 t bstm-? w^fmst 



I tz a si)-)-'* y >A (ConA) 4 li k h Jfn.it-? > 
J (sMBP) tlliL-CRg? 

# — h 7 ist?'7 7 4 £fro-C, ConAVsMBP 
©£$tt tis ffiiI5r-g-^t 4 AX«t«©ftS*- 
iH]^L/>!o ;©&, ii]-7°v- h £ tf^w-^gg 
ftHJ: 5SSIfefeL-Ct^T©AIffiflgH©fiMt!5] 
J Lt (orcinol)o 

010- 6 I^Ogf^LtibJi', 
!:^.Wf±^^tConAtirgpl20C#i 
high mannoseSM*$ 16,,7) fc£§^t Lfc. L*«U 
-7>/-Xg-g-^>^^S©^-g-|i?:<Xt \tWi-r> 
T, rgpl20ac;iSife*fflJ&lfi*gpl20(:#4 fiS-fi 
©high mannose^^ffli© 5 *>Man s - 7 GlcNAc 2 £S: 
^ft t L X 3=- 0 . L *> {, Man B GlcNAc 2 * ? #& 1: 3S 
i^fFffciSteSrWLTi**;: ti^c,i'i:?fi/;. 
^ © C t li, Cll^/J— jE©high mannnoseS! 
Sift (H10- 3D) Sr&AlfcAXltfl&K (RNase) 
f , 8S&£©®S t «*frfiHtOKaE*Jt« L Xb- 
X i>WC,t'X'&Z, 

ft*#c«i£-r 4 t Ut#**S-rK»*MHrffitt{t 
t*S 4 ti*7?R£ ,,,,s) £#x.-£-frtfS t. HlViiife 
CfgLTHIV* 5 i.MiHIV^?feSllS&A 5 k h ©ii^ 
«f I- A^> A-B#*-C, J4l^* t: #S t 6 > / - x ^ 
^-^>^"^M*\ £©££ffcf#*HIV#&i.-li>S 
•jftail&aM t So T ^ 5gpl20©ffifl© 5 t»f 
Man 9 . 7 GlcNAc 2 1 06 I J Man 8 GlcNAc 2 1 5 W 

tt{fcL. HIVSasOtlfflRHicBIWL-Ci'ft t {># 
ic,<i5 0 L*'L. ^F^i:ti®s&* f iilTL-C L & 5 
©T\ HIV©.-T- J P!Kifea0li&©lSIi C li HRF-20 U f 

C ©ia&*^1lft-S t ^ L tz^'ikOiim C L t ^ 

HIV^Mffi f Sgpl20©tt f M ?f ^A L fjA 
XffiUSK** y =>W°-7't Ltffli<TftftT» 
c, <i/j :nc, ©teUili. HIvjSife J pi'f x*©5g«E?r 

ifiLiff'l'©-* > / - xJSf>-^ >/*^R*«HIV®US© 
MP*Wi:|-5y-y- LTi' 5 ©*-®i&©{£iii:|iy%'- L T 

f 4©*'t")K*M:+S£.^* s ^ h 7. 

( 3 ) «K«8afeffi«L#ro#i/Sitt*»B**'ftj»u: 
IS L T MSI 1 5 HI ^ < ^ H©*SS 
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10. ®«<9«SK{tI¥ 



t ; f*# e. *©«igtt*j»B 

)S?*f ?r ft -3 c ©tcHIM ** ?6± c 5 & 

fliSft-fr fc#;L ^ftafi^^^-f^-fa'C, t K 

7 «t o -#t* y mmmm 

?rffli'T AX«SS§Kc*AL^ 0 £ Lt.cn^I^ 

© Ax«sc £ gnw^-gi l t if-m l t, * y =>-^r 

d-7'7 0'5 y - t ?>g^ 5TLC7°i — hiC" 

-^p#K#a^ 7°v — h ■ w& u 7>vt 

ffJig«?){ig£f£tli Lfc (H10- 7 ^OF-rr^L/.- 
TWifefelfc (010- 7 4>tD0f^L^^-v) o 0 

io- 1 (a,b.d) r- z (D^mw&^is.mm--mix 

bb 0 ftfc-010- 7t*«, -7>/-Ai:J;^tiif{ 

hio- 3 (DA-D-cmtmrn^-t^-r * Aissoi 

5t£* y 3-||7°n-7*t LtlfTS-ifceft (0 
10-7,a-d), i <Dffim&±Mrm It.— &CDhigh 
mannosegif IS (010- 3 D) £ £ ©ft-g^* t L Tgfe 
E'J L X ft-* U t !J b WMansGlcNAc, t f 5 tf fit 
(M5) (:lt=-Si:?S<#*L^* 5 (H10-7d) x £ft 
JUfl-OHlO- 3 ©A-CC^-fcomplexSffiffiKJi^ 
^fi: C li ft e, ft i» t *» Hi $ ft (H10- 7 ,a 



F F 



dabcdabc ee ffg 

010-7 mmmm&^commvkkmmwmizm 




~c)„ 010- 3D<7>8ffl£-&tj-AX8SI!gK£ v-vd 
© ~^aS^«-gt Ltd |5)*CDe^A ? # e, ft a i» 
(010- 7 f), 10mM-?> ; -x&&TX'\iz.<Djz 

mm c «t aiiiis^igijgijsEfe^ia** n-a ;a 

^Sftfc (01O-7g)„ ::©7cJI§M©ft*g#: 
i:tt&t&*'ofcHl0-3C©4fSi{>, **7^K 
X t A7-7-tf-A'^3-9- S I TMan 3 

GlcNAc 2 / -x 5r^S7C**t:^o|S 

«i:ti t**cai'3E*#fStttSR-fJ: 5 eft 6 
:afl^'tlofc (H10- 7c.e). 

AXi!))tK^igM«-glLT* 5 7}- y ^7°n-7*7 
-f 7*5 y - t tlit £TLC7°^- h 
T. ^ ^S)It4^iffiC600** s \ #il3c^ig-vy/ 
- 7- high mannnoseS^il© 5 *> t 5 6 It 
Man s GlcNAc 2 £S^f£t LTiyiJLTfc !) x -v > 
/ -x*'«iSI©|*lli!iJ(;^ ScomplexSL'ttJlC (ig^ 

ftffite a*ft c ti's^i-irsn/^iif^. i 
fc«ait* c, \u osnttsifeffi***' c l 

t7>y-xi:j;, T *!#KftB* t ft W 5 

^frtliUftSSSflt: {> ft-gfrffiffia* £ & - fcfcjS 

Ktftt«r*A L fc AI»JtK*9fls« t * ©ttg, t 
ftSr* y =f8t7°n-7*fc L"Cfflt- tzTLCy"^— h 

^KLfcAX»KKttTLC7"v- hifflfflfS 

s/j*tt-rft<, r ? xii--y ?mm-~-<DT^m{t i ?v ^ 
^■mm§mmim^.mmfz'ur'iif£ < . * / ^ □ 

WSloa-W-ttflEHWrft t* i: t * y 3-ffii7°o -7't L 

us ft Ffiifipji-r f? ft*>o t, j; ') mvfTftffimws 
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